Objective: To evaluate the patterns of impact of neoadjuvant chemotherapy (NAC) on renal function across the initial year following treatment for muscle-invasive bladder cancer (MIBC) with radical cystectomy (RC). Methods: We reviewed the charts of 241 patients who underwent RC for urothelial carcinoma of the bladder between 2003-14 at our institution. Renal function was evaluated at multiple time points (pre-chemotherapy, pre-operatively, post-operatively, 6-12 months follow-up), and then classified by CKD staging. Univariable and multivariable logistic regression analyses were performed to determine relationship between NAC and change in CKD stage. Results: Of the 241 patients who underwent RC for urothelial carcinoma of the bladder, 66 (27%) received NAC and 175 (73%) did not. In multivariable analysis, NAC was significantly associated with a decrease of at least one CKD stage from baseline to post-op (p = 0.009), but not to the 6-12 months follow-up time point (p = 0.050). The loss of GFR in the NAC cohort occurs up-front with chemotherapy, but the peri-operative course is similar to those who underwent cystectomy alone. Of the 15 NAC patients (26.8%) who were Stage 3 CKD prior to chemotherapy, none progressed to a higher stage CKD. Conclusion: NAC is associated with an initial decline in GFR, which then remains stable through the first year following RC. Despite an initial insult, patients receiving NAC are not vulnerable to further deterioration. When appropriately selected, NAC does not appear to result in a clinically significant deterioration of renal function.
INTRODUCTION
Urothelial carcinoma of the bladder is the fourth most common malignancy in the United States, and mortality in this disease is primarily driven by those with muscle-invasive bladder cancer (MIBC) [1] . Overall 5-year survival in patients with MIBC is approximately 50%, and this has remained relatively unchanged for the past 20 years [2] . A major shift in the management of MIBC has been the introduction of platinum-based neoadjuvant chemotherapy prior to radical cystectomy for clinically localized disease (cT2-T4aN0M0), which has now been incorporated into international guidelines as the standard of care for eligible patients.
The standard chemotherapy regimens utilized for neoadjuvant chemotherapy have traditionally been MVAC (methotrexate, vinblastine, doxorubicin, and cisplatin) or gemcitabine/cisplatin [3] . Recently, there has also been the introduction of a shorter course of MVAC, entitled dose-dense or accelerated MVAC (ddMVAC or AMVAC) [4] . While cisplatin is the cornerstone of chemotherapy for bladder cancer, it is often substituted with the less nephrotoxic carboplatin in patients with renal insufficiency; however, oncologic outcomes have not been demonstrated to be equivalent to cisplatin [5, 6] .
Utilization of neoadjuvant chemotherapy for MIBC, despite organizational and guideline recommendations for its use, remains low. Zaid HB et al. demonstrated that NAC utilization in 2010 among eligible patients in the United States was around 21%; by 2015, this number had improved to approximately 40% in a Canadian cohort [7, 8] . These studies indicate that the majority of eligible patients are not receiving therapy that could potentially provide survival benefit. While the reasons for underutilization are likely multifactorial, concern about the effects of chemotherapy prior to surgery may contribute to the decision to not pursue NAC [9, 10] , particularly due to the known nephrotoxicity of cisplatin-based chemotherapy [9] . Furthermore, radical cystectomy itself has been associated with long-term deterioration of renal function; as such, the concern for two nephrotoxic events may contribute to the hesitation to utilize NAC [11] [12] [13] [14] . Despite these concerns, there have been no studies evaluating the impact of neoadjuvant chemotherapy on renal function following radical cystectomy. Utilizing our institutional database, we aim to address this deficit in the literature by following renal function metrics in patients treated with radical cystectomy and neoadjuvant chemotherapy.
METHODS

Patient selection and data collection
We utilized an institutional database encompassing all patients treated with open radical cystectomy at the University of California, Davis Medical Center between 2003-2014. Comprehensive chart review was performed including review of demographic information, medical and surgical history, clinic and hospital admission notes, pathology reports, and laboratory reports. Patients were identified as to whether or not they received NAC. Chemotherapy regimen and duration was assessed. Individual patient comorbidities were identified, including diabetes mellitus, hypertension, obesity (body mass index), prior cerebrovascular accident (stroke), prior myocardial infarction, prior venous thromboembolism (DVT or PE), and smoking status.
Data was only abstracted from patients with a diagnosis of urothelial carcinoma (UC) on the final pathologic specimen from cystectomy (or pT0 cystectomy pathology and UC on initial biopsy); patients with histologic types other than UC were excluded (36 patients). Only patients with a diagnosis of muscle-invasive UC who received preoperative systemic chemotherapy were included in the NAC and RC cohort.
Renal function (serum creatinine, glomerular filtration rate using the Modification of Diet in Renal Disease (MDRD) equation) was documented at multiple time points: pre-chemotherapy (if applicable), pre-operatively, post-operatively, and at 6-12 months follow-up. These were then classified by chronic kidney disease (CKD) staging according to the National Kidney Foundation's Kidney Disease Outcomes Quality Initiative [15] .
Statistical analysis
Overall cohort characteristics were determined and reported based on whether or not NAC was utilized. Groups were compared across baseline variables using chi-square tests for categorical baseline variables and t-tests for continuous baseline variables (with follow-up time log transformed before testing). Univariable analyses were conducted examining the effect of each patient or treatment characteristic on renal function outcomes. Patient or treatment characteristics with a p-value less than 0.20 in univariable analysis were included in a multivariable model of each renal function outcome, with neoadjuvant chemotherapy identified as the primary effector variable. Diabetes mellitus and hypertension, established risk factors for renal deterioration, were also included in the multivariable models, regardless of univariable analysis. Categorical outcomes related to renal function (worsening from CKD 1-2 to 3-5, and worsening by one grade or more) were analyzed using logistic regression. Analyses of worsening from CKD 1 or 2 to 3 or higher only included patients with grades 1 or 2 at baseline.
Initial analysis was focused on the entire cohort, utilizing the worsening of CKD stage by one stage or more as the categorical outcome. A subset analysis was completed on the patients with abnormal baseline renal function (CKD stage 3-5) prior to initiating chemotherapy.
This study was approved by the Institutional Review Board at the University of California, Davis. All analyses were conducted using R, version 3.1.1 (R Core Team, 2014).
RESULTS
Of the 241 patients with urothelial carcinoma of the bladder who underwent radical cystectomy (RC) at our institution, 66 (27%) received neoadjuvant chemotherapy (NAC) prior to RC and 175 (73%) underwent RC alone. Table 1 reviews the demographics of the two cohorts. Patients who underwent neoadjuvant chemotherapy and radical cystectomy tended to be younger (65.9 years old vs. 68.4 years old, p = 0.05) and have slightly less follow-up (116.8 weeks vs. 120.1 week, p = 0.05), but had a much higher rate of complete response (pT0) after cystectomy (21.2% vs. 9.1%, p = 0.012). There were no significant differences in comorbidities such as smoking status, diabetes mellitus, coronary artery disease, prior myocardial infarction (MI), prior cardiovascular accident (CVA), or prior venous thromboembolism (VTE). Diversion type was not associated with having received neoadjuvant chemotherapy.
Of the 66 patients, 42 (63.6%) received cisplatin based chemotherapy and 15 (22.7%) received carboplatin based chemotherapy. Nine (13.6%) received alternative or unknown regimens -1 (1.5%) was switched from cisplatin to carboplatin during treatment, 2 (3.0%) received alternative regimens, and 6 (9.1%) received an unknown regimen. Of the 42 who received cisplatin-based chemotherapy, 6 received MVAC (methotrexate, vinblastine, doxorubicin, cisplatin) and 35 received GC (gemcitabine, cisplatin). Table 2 details the renal function outcomes (mean serum creatinine, mean GFR, and CKD stage classification) of the patients at each of the major time points.
Our initial analysis focused on change in CKD stage, with a change being defined as an increase of at least one CKD stage. Univariate logistic regression analysis was then performed assessing change in CKD stage from baseline (pre-chemotherapy in NAC/RC cohort, pre-operative in RC only cohort) to post-operative and 6-12 follow-up time points (Supplementary Table 1 ). In the multivariable logistic regression analysis, accounting for all factors identified in univariate analysis, neoadjuvant chemotherapy was an independent predictor of worsening of at least one CKD stage from baseline to the post-operative time point (OR 2.486, p = 0.009), but not to the 6-12 month follow-up time point (OR 2.497, p = 0.05) (Table 3A) . However, when looking specifically at patients who received cisplatin-based NAC compared to carboplatin-based NAC, cisplatin-based NAC was an independent predictor of worsening of at least one CKD stage from baseline to the post-operative time point (OR 3.726, p = 0.001) and to the 6-12 month follow-up time point (OR 3.313, p = 0.017), while carboplatin-based NAC was not (OR 0.301, p = 0.261; 0.223, p = 0.219, respectively) (Table 3B) .
We then specifically addressed the subset of patients with normal renal function (CKD 1-2) prior to any neoadjuvant therapy or surgery. Initially, we assessed for any worsening of CKD stage. Univariate logistic regression analysis identified NAC as a significant predictor of worsening CKD stage from baseline to post-operatively (OR 2.175, p = 0.046), which was confirmed on multivariable logistic regression (OR 2.226, p = 0.044). However, neoadjuvant chemotherapy was not a significant predictor of worsening CKD stage from baseline to 6-12 months follow-up on univariate or multivariable analysis (OR 1.836, p = 0.278) (Supplementary Table 2 ).
In an effort to address the most clinically relevant question, we then focused on identifying clinically significant renal function loss. CKD stage was categorized into a dichotomous variable: normal (CKD 1-2) or abnormal (CKD 3-5). Identifying the cohort of patients with normal renal function at baseline (CKD 1-2), we identified predictors of progression to abnormal renal function (CKD 3-5). NAC was associated with a trend towards To better characterize the timeline of renal function loss, we graphically report the GFR of the entire cohort at each time point (Fig. 1) . 
DISCUSSION
Utilization of neoadjuvant chemotherapy remains low despite Level 1 evidence demonstrating a survival benefit for patients with localized, muscle-invasive urothelial carcinoma of the bladder. While underutilization is likely multi-factorial, the concern for chemotherapy induced nephrotoxic injury prior to radical cystectomy may contribute to this trend.
To our knowledge, there are no other studies assessing the effect of neoadjuvant chemotherapy on renal function in this patient population. Despite the fact that the chemotherapeutic agents utilized in each of these platinum-based regimens have known nephrotoxicity and that cystectomy itself carries a risk of renal deterioration [11] [12] [13] [14] , there is no evidence to support the concern that both utilized in the same patient population leads to worsened overall renal function.
Our analysis demonstrates that neoadjuvant chemotherapy is an independent predictor of renal function deterioration from pre-treatment levels to the post-operative time point, and in patients who received cisplatin based therapy, to the 6-12 month 0.442 * Analysis for 6-12 months conducted using Firth penalized logistic regression, as there were no events in the carboplatin group that precluded the use of conventional logistic regression. follow-up time point. However, single CKD stage deterioration isn't necessarily clinically relevant. As such, we then specifically analyzed deterioration from CKD stage 1-2 to CKD stage 3-5, as a more relevant clinical outcome. In this analysis, NAC was not a predictor of renal function deterioration at the postoperative or 6-12 month follow-up time point. Of note, we were unable to assess cisplatin-based NAC vs. carboplatin-based NAC in this analysis, as the majority of patients in this group received cisplatinbased NAC. The trend towards association to the post-operative time point should be noted, however (p = 0.07). This suggests that NAC is not associated with longer-term renal function deterioration, though the patients do take an initial up-front nephrotoxic insult.
This was further assessed by looking at GFR trends. As Fig. 1 demonstrates, there is an initial insult with neoadjuvant chemotherapy administration. However, the peri-operative renal function trends are similar in both cohorts, and the 6-12 month follow-up renal function remains similar. Indeed, even in patients who received cisplatin based NAC only (excluding carboplatin chemotherapy), the same trend in renal function is noted. Of note, the GFR values for our RC alone cohort are consistent with prior studies that examined the effect of cystectomy on long-term renal function; pre-operative GFR ranged from 64.1-77.7 mL/min/1.73 m 2 and last follow-up GFR ranged from 59-69.6 mL/min/1.73 m [11] [12] [13] [14] . As such, neoadjuvant chemotherapy does not appear to exacerbate the known insult to renal function mediated by cystectomy alone.
Lastly, when we looked at the small subset of 16 patients who had abnormal renal function (CKD stage 3-5) prior to administration of NAC, there was minimal progression of disease. Of the 6 patients whose data was available at 6-12 months, all were stable at CKD 3, and no patients were on dialysis at last follow-up. Nicholson S notes that all studies on NAC were limited to patients with creatinine clearance >60 mL/min, and therefore the guidelines only recommend its administration in patients with adequate renal function. However, there is evidence from the metastatic bladder cancer literature that patients with creatinine clearance <60 mL/min can safely be administered gemcitabine and divided-dose cisplatin [16, 17] . More recent literature has started to examine utilization of this regimen in the neoadjuvant setting with promising results [18, 19] . These findings corroborate findings from our study -NAC does not sensitize patients to additional renal function deterioration compared to cystectomy alone, as patients with poor initial renal function were able to tolerate platinum-based chemotherapy and still undergo cystectomy without any clinically significant worsening of renal function.
Our data suggests that administration of NAC may cause an initial insult to renal function, but their longterm renal function is no different than patients who undergo RC alone. Indeed, their peri-operative and 6-12 month follow-up renal function follows a similar course to patients undergoing RC alone.
However, our conclusions must be accepted within the context of the limitations of the study. First, as a single-institution retrospective study, we are limited by the sample size of our cohort and retrospective nature of the study. There is selection bias in the cohort, as the decision to administer NAC was physician specific. However, as most of the surgeons at our institution have similar practice patterns, NAC utilization was likely similar. While the referral for NAC may have been consistent, NAC regimen administered was not -this is due to the fact that our patients are often referred to local medical oncologists for NAC administration prior to surgical intervention. As such, the NAC regimen could not be standardized [7, 8, 20, 21] . In addition, of the patient's whose regimen was clearly documented, there was insufficient volume to power a comparison between MVAC and GC regimens. Furthermore, with regards to patient selection, inherent to this is the possibility that patients referred for NAC who had higher baseline creatinine and lower GFR may have received carboplatin-based NAC or no chemotherapy at all. This is offset to some degree by the fact that 36.6% of patients in the RC alone cohort had NMIBC and were not candidates for NAC, and indeed, the pre-operative GFR is similar in both cohorts. Also, as our question primarily looks at the effect of NAC on renal function in relation to RC, we demonstrate that NAC does not add any additional renal function injury to RC alone in the perioperative setting and at 6-12 month follow-up.
Secondly, as a tertiary referral center, the greatest data capture was in the perioperative period (pre-operative and post-operative values), and our extended follow-up (>1 year) was limited. Our lack of long-term follow-up for both cohorts precludes any ability to determine the long-term consequences of both chemotherapy and cystectomy beyond twelve months. Ultimately, it is the long-term renal function outcomes that will be important to determine if NAC independently affects renal function, taking into account the renal deterioration that can be seen following RC alone. As noted by Samuel JD et al, 29% of patients following ileal conduit urinary diversion had deterioration of renal function, with no surgical cause identified in 18% of patients [12] . Age-related decline alone is thought to account for 0.58 -1 mL/min/1.73 m 2 per annum [22] [23] [24] . Twenty percent of patients eligible for chemotherapy prior to cystectomy will be ineligible for adjuvant chemotherapy due to renal deterioration [25] , which is more reason to ensure all eligible patients undergo neoadjuvant chemotherapy.
While the above data has its limitations, our initial assessment of this patient population suggests that administration of NAC prior to RC does not cause significant renal function deterioration in short term follow-up. There is an initial loss of renal function with NAC administration, but the effect is minimal -downgrading of one CKD stage by the time of 6-12 month follow-up. However, NAC administration is not associated with clinically significant deterioration from CKD stage 1-2 to CKD stage 3-4 at the 6-12 month follow-up time period.
As such, based on this data, there is currently no strong evidence to warrant the concern for renal function deterioration as a reason to not give NAC prior to RC for eligible patients. Indeed, NAC receipt did not sensitize patients to any greater renal function insult that undergoing cystectomy alone. Level 1 evidence recommends giving NAC to all eligible patients, and our data supports its administration in all eligible patients independent of concern for nephrotoxicity. Further long-term data is required to affirm these findings.
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